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 Abstract. A number of 80 samples of raw and processed poultry products were examined. Eighteen 
strains of B. cereus were isolated and bacteriological characterized. None of the tested isolates have grown at 
4ºC, 14 strains grew at 7ºC and 17 at 10ºC too proving the ability to grow at low temperature. The average D90 
value of the spores was 35.89 ± 14.46 minutes. All the tested isolates were resistant at 9 of the 28 used 
antibiotics. Eleven antibiotics were effective against all B. cereus isolates  
 
INTRODUCTION 
 
Bacillus cereus is a species of Gram-positive bacteria inhabiting numerous 
environments including soil, plant materials and many foods. The organism causes food 
spoilage and can produce two distinct types of toxin, which differ in the main symptoms 
induced in humans (4, 6, 16, 19).  
The spore formation and germination, toxins production, and the phylogenetic 
relationships shared with other species of the genus have been well documented (8, 15). To 
the date there is a paucity of studies quantifying nutritional requirements, kinetic parameters 
of cellular growth under various circumstances, and metabolic profiles of this bacterium in 
animal originated foods. 
Poultry is likely contaminated with B. cereus during industrial breeding, from dusty 
housing conditions, from contaminated chicks, or from feed. Feed products are likely sources 
of B. cereus, because some common ingredients such as wheat and wheat products and both 
meat and vegetable proteins can be positive for B. cereus (5, 10). Spores survive feed 
manufacture and readily colonize the gut of the chicken (9). 
The goal of this study was to assess the frequency B.cereus contamination of raw and 
processed poultry and to investigate the phenotypic characteristics, the antibiotic resistance 
and the effect of temperature on vegetative growth and spore resistance in B. cereus isolated 
strain.  
 
MATERIAL AND METHOD 
 
Eighty samples of raw and processed poultry meat (50 samples of raw meat and 30 
samples of processed meat) were collected from different supermarkets and storage facilities 
in Iasi County from September 2006 to May 2007.  
Samples, weighting 50 – 100 g each, were transported to the laboratory in cold bags in 
maximum 2 hours from collection in order to preserve their microbiological quality. Serial 
dilutions were prepared immediately on arrival at the laboratory, using peptoned water as 
diluent and a stomacher for homogenization.  
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The B. cereus count was determined according to ISO 7932/2004 by the surface plating 
on mannitol egg yolk polymyxin (MYP) agar, and the plates were incubated at 30ºC for 24 h. 
Typical colonies of B. cereus were transferred to nutrient agar slants and identification was 
confirmed by microscopic and biochemical characterization that includes Gram stain, 
anaerobic utilization of glucose, reduction of nitrate, Voges–Proskauer test, motility, oxidase 
production, catalase production, endospore formation and hemolysis as suggested by other 
authors (12, 18, 22). Furthermore the typical colonies were identified and biochemically 
characterized by API 50CHB and API 20E gallery tests. 
The thermoresistance of spores was evaluated at 90ºC based on a method described by 
Dufrenne et al (1995). The spore suspensions were obtained following a method described by 
Valero et al. (2002). The number of spores was determined prior the heat treatment and after 
10, 20 and 30 minutes of heat exposure. The D-values were estimated using a least squares fit 
of the data to the linear model described by Van Gerwen and Zwietering (1998) according to 
the following equation: . 
ln(N) = ln(N0) – kt 
where:  
N0 and N – number of spores prior and respectively after heat treatment at time t;  
k – ln(10)/D 
t – time (minutes) 
The minimal temperature of growing of the isolates was determined in liquid media 
(BHI broth) at 4ºC, 7ºC and 10ºC for two weeks. The growth was monitored daily by 
measured of turbidity evolution at 600 nm using a spectrophotometer (SmartSpec 3000). The 
time necessary to attain a raise of OD to 0.05 (equivalent to aproximately 106 cfu/mL of B. 
cereus) was noted. Positive cultures were checked for purity by streaking a loop of medium 
on nutrient agar and checking spore production and spore morphology. 
Susceptibility to 28 different antimicrobial agents frequently used in therapy and 
prevention of diseases in animals was determined using API ATB-VET galleries. 
Interpretation of the response of B. cereus to these antibiotics was done in accordance with 
producer specifications. After reading of the galleries with miniAPI apparatus, the tested 
strains were either resistant or sensitive based on the developed turbidity. 
Experimental data were statistically analyzed using Microsoft Office Excel and SPSS 
for Windows v. 12.0. 
 
RESULTS AND DISCUTIONS 
 
B. cereus was detected in 18 of the 80 samples tested. The highest incidence of 
contamination was found in the processed poultry products (12 of 30 samples). 
Overall, 22.5% of the total samples tested were positive for B. cereus. The presence of 
bacterium in raw poultry is principally due to spores originated in breeding farms, 
contamination during abattoir processing and post processing handling. Typical ingredients 
used for feed of chicken, have been shown to contain B. cereus (17). In processed poultry 
products presence of bacterium is due to surviving of spores from raw poultry, spores from 
added ingredients and contamination with either spores or cells during processing. The greater 
degree of contamination found on processed poultry compared to raw poultry meat, is a 
consequence of synergic action of multiple factors. Ingredients commonly added to meat 
products, such as spices, seasonings, and protein supplements, have been found to contain B. 
cereus (10, 21). Also, the packing materials used in food industry prove to be a source of B. 
cereus (13).  
 427 
The frequency of isolation is high especially in processed poultry products but is lower 
if compared with data published by other authors (20). A cause of the differences could be the 
presence of atypical strains of B. cereus whose presences in food was cited by other authors 
(12, 13, 14). These atypical strains could be identified only by sophisticated and expensive 
methods. This is the reasons for the term presumptive has been introduced in standard in order 
to acknowledge the fact that the confirmatory stage does not enable the distinction of B. 
cereus from other closely related but less commonly encountered Bacillus species (1).  
Morphological and biochemical characteristics 
All isolates were Gram positive, catalase and oxidase positive, had ellipsoidal spores 
that occupied a central position without distention of the sporangium. None of the isolates 
exhibited rhizoidal growth. All isolates were lecithinase positive, utilized mannitol generated 
acetylmethylcarbinol, reduced nitrates to nitrites and showed hemolytic activity. These 
characteristics correspond with the phenotypic features typical for B. cereus (1) (Table 1).  
None of the isolate fermented several of the tested carbohydrates (arabitol, adonitol, 
arabinose, 2-ketogluconate, 5-ketogluconate, dulcitol, erythritol, fucose, inuline, lyxose, 
mannitol, -methyl-D-mannoside, melibiose, melizitose, raffinose, rhamnose, sorbose, 
sorbose, tagatose, β-methyl-D-xiloside, xilitol and xylose). Twenty-four carbohydrates were 
metabolized different by the isolates, Depending on carbohydrate, the percentage of the 
positive strains varied between 6.7% and 100%.  
The variability found in metabolic profile of isolates shows no obvious pattern due to 
type and origin of meat sample. 
Physiological characteristics 
The spore heat resistance was analyzed for 18 strains of B. cereus isolated from the raw 
and processed poultry meat. In condition of our experiments the average D90 value was 35.89 
± 14.46 minutes. Values ranging from 21 to 38 minutes were the most common range (11 
strains) of heat resistance found, one strains had D90 values lower than 21 minutes, three 
strains showed D90 values from 38 to 50 min, and three were more heat-resistant, with D90 
values higher than 50 minutes (Table 1). 
A large diversity in heat resistance was observed among the B. cereus isolates. The 
values found in this study are greater than that reported by other authors (3, 22), and 
demonstrate the ability of spore to survive heat treatment commonly used in food industry. 
The differences could be explain by the different origin of spores, the variability of spores 
characteristics but also by the methods and the mathematical models used in estimation of 
decimal reduction time. The average value of correlation coefficient (R2) of decimal reduction 
time curves for spore suspensions of tested strains was 0.71. The values of correlation 
coefficient denote a relative lack of fit and the diversity of spores response to heat treatment. 
None of the isolates of B. cereus were able to grow at 4ºC; 14 isolates grew at 7ºC and 
17 isolates grew at 10ºC. At 7ºC the mentioned OD 600 was attained beginning with the ninth 
day of incubation whereas at 10ºC the strains attained 6 log cfu/ml after 3 days of incubation 
(Table 1).  
The results are similar data obtained with laboratory medium by other authors; the 
bacterium grew at 10 ºC from 0.1 to 105 cfu/ml in 4 days (11). Even if the results obtained in 
laboratory, on rich media, cannot be entirely extrapolated to the condition in the food 
facilities, the presence of strains capable to grow at low temperature represent a problem for 
food industry. 
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TABLE 1 - CHARACTERIZATION OF BACILLUS CEREUS ISOLATES FROM RAW AND PROCESSED POULTRY  
 
STRAIN Rp1 Rp2 Rp3 Rp4 Rp5 Rp6 Pp1 Pp2 Pp3 Pp4 Pp5 Pp6 Pp7 Pp8 Pp9 Pp10 Pp11 Pp12 
A. Morphological and biochemical characteristics 
1. Gram stain + + + + + + + + + + + + + + + + + + 
2. Lecitinase 
activity + + + + + + + + + + + + + + + + + + 
3. Nitrate 
reduction + + + + + + + + + + + + + + + + + + 
4. Voges Proskauer + + + + + + + + + + + + + + + + + + 
5. Glucose fermentation + + + + + + + + + + + + + + + + + + 
6. Catalase + + + + + + + + + + + + + + + + + + 
7. Oxidase - - - - - - - - - - - - - - - - - - 
8. Hemolysis + + + + + + + + + + + + + + + + + + 
9. Motility + + + + + + + + + + + + + + + + + + 
B. Phisiological characteristics 
10. D90* 27.68 23.61 21.62 36.1 48.23 45.38 12.77 37.58 24.54 22.41 26.77 59.05 58.8 47.47 29.94 61.59 27.87 34.53 
11. Growth at 4 - - - - - - - - - - - - - - - - - - 
12. Growth at 7** - 216 264 240 312 - 288 - 264 288 264 288 - 312 288 288 216 264 
13. Growth at 10** 144 96 120 120 96 - 96 168 120 96 120 96 120 96 96 120 96 96 
C. Antibiotic resistance 
14. Spectinomycin S S R S R R R S S S R S R S R R S S 
15. Streptomycin S S S S R S S S S S S R R S S S R S 
16. Nitrofurantoin R S S S S R S S S S S S R S S S S S 
17. Cloramphenicol S S S S S S S S S S S S S S S S S S 
18. Fusidic acid S S S R S R S S S R S R S R S R S R 
19. Rifampicin S S S S S S S S S S S S S S S S S S 
20. Pristinamycin S S R S R S S S S S S S S S S S S S 
+ positive; - negative; S sensitive; R resistant; 
* minutes; ** hours 
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Antibiotic resistance 
From the 28 used antibiotics, all the B. cereus isolates were resistant at the action of: 
penicillin, amoxicillin, amoxiklav, oxacilin, cephalothine, colistin, cefoperazone, 
sulfamethizole and metronidazole. Eleven of the antibiotics were effective against all isolates 
characterized in this study (erytromicin, tylosin, cotrimoxazole, flumequin, kanamycin, 
gentamicin, enrofloxacin, oxolinic acid, apramycin, tetracyclin, doxacilin). More than half of 
the strains were sensitive to: pristinamycin, streptomycin, spectinomycin, nitrofurantoin, 
chloramphenicol, fusidic acid and rifampicin. All the B. cereus isolates were resistant at more 
than ten tested drugs (Table 1). 
Most of the isolates were resistant to antibiotics inhibiting cell wall synthesis and 
sensitive to those inhibiting protein synthesis. The lactam antibiotic had a limited action on B. 
cereus strains (ampicillin, amoxicillin and penicillin) as a consequence of β lactamases action, 
enzymes secreted by B.cereus. Even if the clavulanic acid can inhibit the β lactamase the 
action of amoxiklav was weak. The aminoglicoside, macrolide, tetracycline and quinolone 
classes of antibiotics used in this study have proved to have at least a bacteriostatic effect on 
B. cereus isolates. The results obtained are in line with the data published by other authors (2, 
7) and confirm the multi-drug resistance in B. cereus. These strains pose a significant heath 
risk for consumer, transmission of antibiotic resistance to other microorganisms in the 
gastrointestinal being possible.  
 
CONCLUSIONS 
In conclusion, the characterization of selected isolates showed that B. cereus strains 
originated in poultry possess characteristics which have to be taken into consideration if food 
safety issues are discussed. The ability to grow at low temperatures and the high heat 
resistance of the spores favours the survival both in heat-and refrigerated poultry meat. The 
biological diversity within the Bacillus cereus species, sustain the necessity of further 
investigations in order to provide data necessary for proper risk assessment represented by the 
presence of this bacterium in food.  
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